Background: The etiology and significance of flu-like symptoms often appearing before myocardial infarction should be clarified. Methods: In a case-control study of 323 matched controls and a random sample of 110 out of 351 cases the presence of infection symptoms during the preceding four weeks before admission were asked and blood samples taken. Results: Enterovirus (EV), herpes simplex virus (HSV), and Chlamydia pneumoniae IgA titers were significantly higher in cases than in controls (p50.001, 0.008 and 0.046, respectively). Flu-like symptoms appeared significantly more often in patients than in controls the most common one being fatigue (p50.001). In controls with fatigue, EV and HSV titers showed a trend to be higher (1.50 vs 1.45 and 4.29 vs 3.73) than in controls without fatigue but only HSV titers were statistically significantly higher (3.47 vs 3.96, p ¼ 0.02). Even CRP and amyloid A concentrations (3.49 vs 2.08, p50.0001 and 5.70 vs 3.77 mg/l, p ¼ 0.003, respectively) as well as C4 (0.40 vs 0.44, p ¼ 0.02) were higher in controls with fatigue. Conclusions: Odds ratios for a coronary event in a logistic regression model were 4.79 for fatigue and 2.72 for EV antibody levels in their fourth quartile. A linear-by-linear association test showed increasing number of single symptoms with higher EV titer quartiles (p ¼ 0.004).
Introduction
Infection seems to confer an increased risk of atherosclerosis development, even in subjects without conventional cardiovascular risk factors [Kiechl et al. 2001] . Infection burden, elevated antibody titres to many infection agents, is associated with an increased risk of acute coronary syndrome [Pesonen et al. 2007; Espinola-Klein et al 2002; Rupprecht et al. 2001; Epstein et al. 1999] . During epidemics of influenza the mortality for coronary heart disease increases [Tillett et al. 1983 ], but influenza vaccination decreases mortality [Gurfinkel et al. 2002] . Flu-like symptoms often precede acute coronary syndrome, but their relationship to infection is unclear.
The temporal relationship between infection and cardiovascular disease remains incompletely elucidated. Myocardial damage elevates acute phase protein concentrations and therefore the possibility to use them as indicators of infectioninitiated inflammation is limited. Interpreting the acuteness of infection from elevated viral and bacterial antibody levels alone in the absence of paired sera is unreliable because titres may represent serological 'scars' from previous infections. The aim of the present study was to explore whether high bacterial and viral titres predict coronary events and whether they are linked with symptoms of acute infections.
Study groups and methods
We studied 351 patients (¼ cases) (276 men, 75 women), who were admitted to the coronary care unit of Lund University Hospital, Lund, Sweden for acute myocardial infarction (AMI) or unstable angina pectoris (UA) between March 1999 and April 2002. Of these cases, 21 died before they could be interviewed. Inclusion criteria were age 580 years, no signs of cognitive disabilities, and competence to apply to the research protocol.
A control group of 323 individuals was selected from the population register and matched with respect to age AE2 years, sex, living area, parish, season and the epidemiological status in the community. Seasonal variation and epidemiological situation did not affect the results because a research nurse paid a visit to the pair control person within 5 days of the admission of the case. Their inclusion criteria were no history of definite or suspected coronary heart disease or stroke, any operations or chemotherapy within the previous 4 weeks, and age less than 80 years. Characteristics of reviewed and not-reviewed cases and controls are presented in Table 1 .
Controls and a random sample of 110 cases were asked about the presence of infection symptoms during the preceding four weeks. The same questionnaire was used in our recent study of occurrence of infections in diabetic children [Odermarsky et al. 2008] . The symptoms in the questionnaire included sore throat, cough, sneezing, muscle pain, fever, chills, headache, diarrhoea, toothache, light sensitivity and fatigue. Concerning fatigue, the cases responded to the question: 'Did you experience fatigue before the attack/ review that was not associated with exertion or working?'
Our criteria for definition of AMI and UA were recently presented [Pesonen et al. 2007 ]. AMI was diagnosed if two of the following criteria were fulfilled: ST-elevation followed by T-wave inversion or new Q-waves in the electrocardiogram, chestpain that lasted 420 min, increase of CK-MB to more than twice the upper limit of the normal value. UA was diagnosed in patients with continuous ischemic chest pain and transient or persistent ST-segment depression 41 mm or T-wave inversion 41 mm and/or elevation of CK-MB (510)/troponin T (TNT; 50.10). Blood samples for TNTand CK-MB were obtained on admission to the hospital and at 10 and 20 h thereafter. Study samples were collected within 24 h of admission. Acute phase protein concentrations, high sensitive serum CRP and amyloid A, as well as complement C3 and C4, were measured in patients and controls using nephelometry with polyclonal antibodies and calibrators (Behringwerke AG, Marburg, Germany).
Bacterial serology included Chlamydia pneumoniae, C. pneumoniae heat shock protein 60, and Helicobacter pylori IgA and IgG antibody levels. Viral serology included cytomegalovirus (CMV), enterovirus (EV) and herpes simplex virus (HSV) antibody titers. The methodology of measurements is presented in our previous paper [Pesonen et al. 2007 ].
The investigation conforms to the principles outlined in the Declaration of Helsinki. The Lund University Hospital ethical committee approved the study. Written informed consent for participation in the study was obtained from all subjects.
Statistical methods
The similarity of the baseline clinical characteristics and serological result between cases Table 1 . Characteristics of reviewed and not-reviewed cases and controls. Mean (range) and p presented of microbial titres. Enterovirus and herpes simplex virus results are expressed as an index for sample optical density/cut-off optical density. C. pneumoniae IgA titres represent reciprocal dilution steps. p is between cases reviewed and controls. All p-values between cases reviewed and not reviewed are nonsignificant.
Cases reviewed Controls
Cases not reviewed p 
Results
There were no differences in neither clinical nor serological characteristics between cases reviewed as compared with those not reviewed (Table 1) . The gender distribution and percentage of smokers were equal in cases and controls (79% and 78%, 20% and 21%, respectively). A previous AMI had occurred in 15 of cases but in no controls. EV, HSV, and C. pneumoniae IgA titres were significantly higher in cases than in controls (p 50.001, 0.008 and 0.046, respectively, Table 1 ). There was seasonal variation in viral titres (p ¼ 0.05 for EV and p ¼ 0.02 for HSV).
In the fall both EV and HSV titres were higher in patients as compared to the controls (1.54 vs 1.44, p50.001 and 4.34 vs 3.50, p ¼ 0.001, respectively), but there was no statistical difference under the other seasons.
Infection symptoms
Headache appeared as often in controls and patients but there was a trend of all other symptoms to appear more in patients. Muscle pain, chills and fatigue appeared statistically significantly more often in cases than in controls (in 15% vs 26%, p50.005, in 3% vs 12%, p ¼ 0.001 and in 15% vs 51%, p50.001, respectively). Sneezing appeared more often in controls than in the cases. However, sneezing appeared almost never as a sole symptom (Table 2) .
Linear-by-linear association showed an increasing number of single symptoms with higher EV titre quartiles (p ¼ 0.004). The risk for an acute coronary event increased with increasing number of symptoms (p ¼ 0.01, Table 3 ). The odds ratio in patients having four or more symptoms was 16.00 as compared with those having none to one symptoms.
Fatigue
Fatigue was the most prominent symptom and appeared in 15% (49/323) of the controls and in 51% (56/110) of the cases (p50.001). Fatigue was the only symptom in 12/110 cases and 2/323 control subjects (p50.001) and its correlation to almost all other symptoms was very significant (p50.001 for sore throat, cough, sneezing, chills, fever, headache, joint-muscle pain and light sensitivity). Fatigue was the one of symptoms which alone explained the increased risk for acute coronary event (odds ratio 4.79, Table 4 ). The variable 'at least one other symptom' had a very significant correlation with fatigue (p ¼ 0.004) but was not significant in the logistic regression analysis together with fatigue (Table 4) .
Cases with an earlier AMI reported fatigue in 15/33 cases (45%) and those without in 40/76 (53%) (p ¼ ns). Thus, fatigue was probably not associated with previously existing symptomatic coronary disease. The prevalence of diabetes in cases with fatigue was 11% and 17% in those without fatigue (p ¼ ns). The corresponding percentages concerning treatment for hypertension were 18% and 14% (ns), use of beta-blockers 32% in both groups, use of angiotensinconverting enzyme blocking agents 7% and 25%, (p50.05), and similarly 7% and 25% (p50.05) for nitro products. No other significant differences occurred for use of other medications.
Fatigue, inflammation and infection
In controls, EV and HSV titres showed a higher trend (1.50 vs 1.45 and 4.29 vs 3.73) but only HSV titres were statistically significantly higher in those with fatigue as compared to those without (3.47 vs 3.96, p ¼ 0.02). Those with fatigue had significantly higher CRP and amyloid A concentrations (3.49 vs 2.08 mg/l, p40.0001 and 5.70 vs 3.77 mg/l, p ¼ 0.003, respectively) as well as C4 (0.44 vs 0.40, p ¼ 0.02).
In cases, the microbial titres did not vary significantly in those with and without fatigue but EV titres showed a higher trend in those with fatigue (1.57 vs 1.52, p ¼ 0.16). The comparison of acute phase protein concentrations is more uncertain in patients than in controls because myocardial necrosis elevates the concentrations of acute phase proteins. C4 was significantly higher in cases with fatigue vs those without fatigue (median 0.48 vs 0.37 mg/ml, respectively, p ¼ 0.007).
Risk ratios
The risk ratio for UA and AMI increased from 1.43 for one symptom to 16.00 for four or more symptoms (p ¼ 0.01, Table 3 ). In logistic regression analysis, both fatigue and 'at least one other symptom' were significantly associated with increased risk for an acute coronary event (p50.001 and p ¼ 0.003, respectively). Because of the strong internal correlation, only fatigue was significant when both of these factors were in the same analysis (Table 4 ). The odds ratio for fatigue was 4.79. If fatigue was omitted from the analysis, the odds ratio for 'at least one other symptom' was 2.3 (p ¼ 0.002, 95% confidence intervals: 1.37-3.87). The odds ratio for EV antibody levels in their fourth quartile was 2.72 (p ¼ 0.006).
Discussion
EV, HSV and C. pneumoniae IgA titres were significantly higher in patients than in controls for infection burden in precipitating a coronary event. There was a seasonal variation in viral titres. In the autumn when the incidence of infections in the community is increased the viral titres were very significantly higher in patients than in the controls. Separate symptoms appeared more often in patients than in controls. The 15% incidence of fatigue in controls was similar to the proportion reported in men in a large community survey in the UK [Ranjith, 2005] but much higher in our patients. Fatigue was not associated with previous AMI. 'Flu-like illness' often precedes attacks of AMI [Mattila, 1989; Spodick et al. 1984; Pesonen and Siitonen, 1981 ] but it has not been previously shown that it is associated with markers of inflammation and elevated viral antibody titres. In controls, inflammatory parameters like CRP and amyloid A had a very significant correlation with fatigue. In cases this kind of correlation did naturally not have any meaning, because myocardial damage as such causes an inflammatory reaction. In addition to inflammatory parameters other symptoms of infection correlated with fatigue suggesting its association with infection may be along with many other aetiologies of tiredness such as mild depression. Even viral antibodies showed a trend to be higher in those with fatigue.
Symptoms -inflammation and infection
Symptoms like fatigue, muscle pain and headache are nonspecific for ongoing infectious disease. The elevated EV and C. pneumoniae IgA antibody titres do not necessarily prove acute infections, but could be due to activation of latent infections, while the causal agent remains undetectable [Wanishawad et al. 2000 ]. However, the high concentration of inflammatory markers in fatigued healthy controls lends support to the hypothesis that such symptoms reflect acute infections. Interestingly, EV titres have been reported to be elevated in chronic fatigue syndrome [Chia, 2005] .
Possible mechanisms of coronary events
The mechanisms of acute coronary syndromes might be mediated through infection-initiated endothelial cell damage and endothelial cell dysfunction, which might lead to increased vasomotor tone. Patients with MI and normal coronary arteries have been reported to have a febrile illness during two weeks prior to infarction [Ammann et al. 2000 ]. Our recent experimental studies have shown a profound and diffuse impairment of endothelial cell function after clinically mild acute C. pneumoniae infections in the aorta of mice and the piglet coronary vascular bed [Liuba et al. 2000 [Liuba et al. , 2003 . According to our study, endothelial cell function is reduced in diabetic children especially after upper respiratory infections [Aburawi et al. 2004] . Endothelial cell dysfunction also promotes a procoagulant state with increased risk of thrombosis and heart infarction [Kinley et al. 2001 ].
Limitations of the study
The questionnaire addressing symptoms of common cold included various manifestations which are nonspecific for infection (e.g. fever, sore throat, muscle pain, tiredness). Recall bias in a sense (that healthy controls report themselves healthier than coronary patients) may exist. However, symptoms and microbial titres also correlated in controls. The self-diagnosis of common cold is usually correct because the symptoms are characteristic [Gwaltney, 1995] . Under-or over-reporting of the symptoms may have occurred. In our earlier study the questionnaire seemed to work well [Odermarsky et al. 2008] . Even if the questionnaire were not presented to all patients, the cases were taken randomly from our larger patient series published earlier [Pesonen et al. 2007 ] and they had matched controls chosen from the population register. Clinical characteristics and serological result were not different in those reviewed as compared with those not reviewed.
The influenza virus is a common pathogen associated with increased incidence of mortality for coronary heart disease. The virus has a significant antigen variation over time. Unfortunately we did not have a good enough methodology for the analyses of influenza titres. We are not aware of possible influenza vaccinations of the subjects.
Even if infections do play a causative role in fatigue, this does not rule out the possible effect of psychological factors [Krantz and McCeney, 2002; Rozanski et al. 1999] . A strong prevalence for depression appears in coronary cases; the range reported in the literature varies between 16% and 23% [Sirois and Burg, 2003 ]. Dejection and stress as aetiological factors of fatigue in this study cannot be excluded.
Conclusions
We conclude that the previously described flulike symptoms prior to acute coronary events may be due to an acute infectious disease and that inflammation might be a possible underlying mechanism precipitating an acute coronary syndrome.
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